We report the case of a 59-year-old man with Waldenstrom's macroglobulinemia and active alcohol use who presented with bilateral knee pain 5 years after a bilateral staged TKA. Cultures of synovial fluid and periprosthetic tissue specimens from both knees yielded, after prolonged anaerobic incubation, a catalase-and oxidasepositive gram-negative bacillus, which was identified as Capnocytophaga canimorsus by 16S ribosomal RNA PCR analysis. C canimorsus, an organism that is commonly found in dog and cat saliva, is a rare cause of various infections in immunocompromised and healthy individuals. However, a review of the medical literature indicates C canimorsus has not been reported previously to cause infection after joint arthroplasty. The patient was immunocompromised by cytotoxic chemotherapy, corticosteroids, and alcohol use. The patient was managed successfully with bilateral two-stage exchange and 6 weeks of intravenous ertapenem therapy. Because of its fastidious and slowgrowing characteristics, C canimorsus may be an unrecognized cause of culture-negative joint arthroplasty infections, especially in cases when dog and cat exposure is evident in the clinical history.
Introduction
Infection of prosthetic joints is a rare but catastrophic complication of joint arthroplasty. Staphylococcus spp are the most common pathogens causing prosthetic joint infections [2] . However, culture-negative prosthetic joint infections may be observed in 7% of cases [3] . We describe a novel pathogen, Capnocytophaga canimorsus, causing bilateral prosthetic knee infections in a patient with compromised immune function as a result of chemotherapy, prednisone use, and alcoholism. The microbiologic diagnosis of C canimorsus was delayed, and the patient underwent bilateral revision knee arthroplasties to treat his prolonged symptoms of pain and swelling. He later underwent bilateral resection TKAs. Cultures of synovial fluid aspirate and periprosthetic tissue specimens from the resection arthroplasties initially were reported as negative until after 7 days of anaerobic incubation. Therefore, we report this case to provide a brief review of C canimorsus, which should be considered as a rare potential cause of culture-negative prosthetic joint infection, particularly in individuals with epidemiologic exposure.
Case Report
The patient was a 59-year-old man who presented to our clinic because of a 2-year history of bilateral knee pain and swelling. Five years before his clinical presentation, he underwent bilateral staged TKAs at his local hospital for osteoarthrosis. He initially did well for 3 years but then had progressive pain and swelling develop in both knees. Four years after prosthesis implantation, he underwent bilateral staged polyethylene liner exchanges to address his pain and swelling, which were attributed to instability. However, these procedures, which were performed at his local hospital, provided no improvement of his clinical symptoms. Preoperatively, his synovial fluid culture was negative. Likewise, intraoperative cultures at the time of revision arthroplasty revealed no bacterial or fungal growth. Because of his ongoing clinical symptoms, he received several intraarticular injections of etanercept and corticosteroids after the bilateral revision knee surgeries.
The patient had underlying Waldenstrom's macroglobinemia managed with rituximab followed by chronic chlorambucil therapy. Six months before presentation, he was initiated on prednisone therapy 10 mg orally twice daily for the knee pain and swelling, which had been attributed to inflammation from Waldenstrom's disease. He also had a history of extensive alcohol use. He kept two dogs at his home, although he reported no history of dog bite or exposure of open wounds to dog saliva.
Physical examination revealed considerable instability in both knees with boggy knee effusions. His previous incisions were well-healed. His skin was intact with no dermatologic findings of septic embolization. His cardiac examination did not reveal any murmur. With the exception of his bilaterally swollen and tender knees, his physical examination was otherwise unremarkable.
Plain radiographs revealed bilateral TKAs with some evidence of osteolysis on the left medial tibial plateau ( Fig. 1 ). Indium-labeled leukocyte scan showed increased uptake over the bilateral distal femurs consistent with infection ( Fig. 2 ). Peripheral leukocyte count was within normal limits (5.7 9 10 9 /L). The erythrocyte sedimentation rate was elevated at 67 mm/hour (normal range, 0-22 mm/hour) and C-reactive protein was elevated at 5.6 mg/dL (normal range, \ 0.8 mg/dL). Waldenstrom's macroglobulinemia has been associated with elevated sedimentation rate and C-reactive protein in as much as 50% of untreated patients at the time of diagnosis [30] . This was less likely in our patient, however, as he had been receiving treatment for macroglobulinemia for 18 months before these laboratory findings.
Bilateral knee aspirates revealed purulent-appearing material, with elevated total nucleated cell counts in both knees. The right knee synovial fluid had 18,564 total TKA Infection With C canimorsus 1635 nucleated cells/dL with 92% polymorphonucleocytes, and the left knee synovial fluid had 25,064 total nucleated cells/ dL with 86% polymorphonucleocytes. Initial culture of both synovial fluid specimens from both knees showed no growth at 5 days. Because of the elevated total nucleated cell counts in the synovial fluid, elevated inflammatory markers, and indiumlabeled leukocyte scan suggestive of infection, the patient underwent bilateral resection arthroplasties with the plan for two-staged reimplantation. Cultures from the knee aspirates at the time of the resection arthroplasties showed no growth. We noted severe chronic-appearing synovitis and gross purulence on exposure of the joints. The left knee had severe cavitary bone loss of the lateral femoral condyle and discontinuity of the lateral collateral ligament. The components in the right knee were well-fixed. Intraoperative frozen sections of synovial tissue were positive for acute inflammation. Fluid and tissue cultures and ultrasonicate culture specimens from the bilateral prosthetic implants were sent to the microbiology laboratory. Cement dowels impregnated with vancomycin, tobramycin, and amphotericin B were placed in the freshly reamed femoral and tibial canals. Resection arthroplasties of both knees typically would result in severe difficulty with mobilization and likely confinement to a skilled nursing facility. Using antibiotic-impregnated cement, we implanted new femoral implants and cemented new polyethylene components above tibial antibiotic spacers to serve as an articulation to allow the patient some degree of mobilization.
After 6 to 7 days incubation (Postoperative Day 2), the presurgical synovial fluid aspirate culture was reported as growing a gram-negative bacillus from the anaerobic broth. The organism was catalase-and oxidase-positive. Subsequently, all intraoperative tissue and fluid specimens yielded the same gram-negative bacillus from the anaerobic culture. The ultrasonicate culture specimens also yielded greater than 100 colony-forming units of the same organism. Using 16S ribosomal RNA PCR testing, and confirmed by DNA sequencing, the gram-negative organism later was speciated as C canimorsus. Because of its poor growth pattern, full antimicrobial susceptibility testing could not be performed, although the organism was tested b-lactamase-negative. Blood cultures were negative. Transesophageal echocardiography did not reveal a vegetative lesion suggestive of bacterial endocarditis.
The patient was treated with a 6-week course of intravenous ertapenem (1 g every 24 hours). He subsequently underwent left knee reimplantation arthroplasty at 3 months and right knee reimplantation 7 months after resection. In both instances, no acute inflammation was noted on histologic sections from the synovial lining and the intraoperative cultures showed no growth of the organism. One year after presentation and 3 months after his right knee reimplantation, the patient was doing well with no major clinical symptoms related to his knees.
Discussion
Our review of the literature indicates C canimorsus has not been reported previously to cause infection after joint arthroplasty. To treat persistent knee effusions, our patient underwent bilateral revision knee surgery. Despite negative preoperative and intraoperative cultures, the effusions may have been attributable to chronic infections with C canimorsus. Thus, the diagnosis and treatment of this infection may have been delayed owing to the difficulty in isolating the organism. C canimorsus is characteristically fastidious and grows slowly; therefore, it potentially could account for some of the culture-negative prosthetic joint infections seen in orthopaedic practice. We report this case to increase awareness in the orthopaedic community of C canimorsus as a possible pathogen causing prosthetic joint infection, especially with exposure to cats and dogs.
C canimorsus is a slender, fusiform, gram-negative bacillus that commonly is found in dog and cat saliva [15, 24] . It is facultative and capnophilic, and it grows slowly under anaerobic conditions [4] . In numerous reports, C canimorsus was identified only through PCR targeting of the bacterial 16S rRNA [6, 16, 23, 28, 29] . In our case, the organism was not detected until the seventh day of anaerobic incubation, and its identity was made through molecular 16S rRNA PCR and confirmed by DNA sequencing.
The slow-growth characteristics of the organism also may result in difficulties performing antimicrobial susceptibility testing, as in our case. Generally, however, C canimorsus is susceptible to most antibiotics, excluding aztreonam, trimotheprim-sulfamethoxazole, and aminoglycosides [15, 17] . Capnocytophaga spp are reportedly universally susceptible to carbapenems such as imipenem [1] . Ertapenem is a synthetic bactericidal carbapenem that binds penicillin-binding proteins and inhibits cell wall synthesis. It is active against bacteria that have developed penicillin resistance through penicillin-binding proteins and b-lactamase production. The organism in this case did not produce b-lactamase, and therefore common b-lactam antibiotics such as cefazolin and ceftriaxone would have sufficed for treatment. Ertapenem initially was chosen for treatment in this case because of the initial description of a gram-negative bacillus in anaerobic cultures. Since the patient tolerated the drug, which has good tissue penetration and adequate coverage against C canimorsus, it was decided to complete the 6-week treatment course with once daily intravenous ertapenem.
In vitro, Capnocytophaga spp elicit little inflammatory response, thus resulting in considerable multiplication before activating the host's immune response [27] . However, our patient had purulent fluid aspirated preoperatively, and gross purulence and severe synovitis found at the time of resection arthroplasty, arguing against these in vitro findings. It is possible, however, the chronicity of this infection eventually led to the substantial purulence observed in the tissues. However, this immunocompromised patient had chronic bilateral knee infections with no development of systemic illness or overwhelming infection necessitating emergent surgical treatment.
Clinically, C canimorsus has been described to cause sepsis and peripheral gangrene after dog bite or dog exposure in patients who are immunocompromised or immunocompetent. Reported exposures include dog or cat bite, licking of ulcers, burns, or wounds, dog ownership, and even casual contact with dogs [8, 11, 16, 22] . In one study of human C canimorsus infections [16] , approximately 80% of patients had animal bite or animal contact with open wounds, and 20% had no known exposure.
C canimorsus also has been reported as a cause of endocarditis, mycotic aneurysm, and meningitis [6, 7, 12, 14, 19, 23, 25, 28] . The mortality rate is reportedly high (30%) [5, 8, 9, 13, 20] . In our case, the simultaneous clinical presentation of bilateral prosthetic knee infections would suggest a potentially disseminated disease, especially because the patient was immunocompromised. However, blood cultures and transesophageal echocardiogram did not reveal intravascular or systemic infection. Although C canimorsus has not been reported previously as a cause of prosthetic joint infection, it rarely has been reported as a cause of bone or joint infection. Capnocytophaga spp have been associated with osteomyelitis in children [11] . A report from California's Microbial Diseases Laboratory of 56 isolates of C canimorsus revealed only one isolate obtained from a septic knee aspiration [16] ; however, no additional clinical details were provided in this report [16] . There is a single case report of vertebral osteomyelitis after C canimorsus bacteremia [21] and a report of two cases of Capnocytophaga spp resulting in vertebral osteomyelitis [10] .
As much as 40% of affected patients are healthy with no known immunocompromise; thus, C canimorsus often is not considered an opportunistic bacterium [18] . Common forms of immunocompromise associated with C canimorsus infection include splenectomy, alcoholism, immunosuppressive drugs, and neutropenia [8, 16, 26] . Our patient fits this profile of immunocompromise because of his alcoholism (which results in nutritional deficiency and bone marrow suppression that leads to leukopenia and neutropenia), use of prednisone (which causes profound inhibitory effects on a broad range of specific immune responses mediated by T and B lymphocytes, and potent suppression of effector functions of neutrophils, monocytes, and macrophages) and other immunosuppressive drugs such as rituximab (which is a monoclonal antibody directed against the CD20 of B lymphocytes), and underlying Waldenstrom's macroglobulinemia (which can lead to leukocyte deficiencies and functional defects attributable to bone marrow infiltration). The specific immune defect that predisposed our patient to have C canimorsus infection develop is not entirely clear; however, all of these immune-compromising clinical factors, especially neutrophil defects, together with the history of dog exposure, would make our patient at particular risk of C canimorsus infection. Although this patient does not recall a dog bite or dog exposure to an open wound, he is a dog owner and may not remember an incidental bite or lick since he presented 2 years after his initial symptoms. Unless his pet licked his open bilateral knee wounds, his exposure likely would have been through hematogenous spread to the knees, as is common for delayed periprosthetic infections.
We report a description of prosthetic joint infection resulting from C canimorsus. Once the infection was identified, the patient was treated with two-stage exchange and appropriate antibiotic therapy. This fastidious organism grows very slowly and is difficult to isolate, although specialized PCR testing can be performed if there is high clinical suspicion. Patients undergoing workup for possible prosthetic joint infections should be questioned regarding their exposure to animals, particularly if the patient has a history of immunocompromise. The long-term effects of animal exposure for patients undergoing joint arthroplasty, however, are unknown. This patient certainly had several risk factors for C canimorsus infection, including chronic prednisone use and alcohol use. Because as much as 7% of prosthetic infections may be culture-negative [3] , this organism should be considered as a potential cause when there is evident epidemiologic exposure.
